Arterial hypertension is among the most important cardiovascular risk factors in adults.[@b1] In addition, it has been suggested that an excessive rise of blood pressure (BP) during exercise testing is more closely associated with cardiovascular prognosis and is a better predictor for future hypertension, even independent of BP at rest.[@b2]--[@b7] The higher susceptibility of office resting BP to situational influences such as psychological factors could explain its lower prognostic significance compared with BP during acute exercise.[@b8] Consequently, exercise BP might be a more reliable parameter than resting BP,[@b8],[@b9] especially in youth, because it is less affected by psychological components.[@b10]

Although higher resting BP values seem to continue from adolescence into adulthood (tracking phenomenon),[@b11],[@b12] little is known about the significance of exercise BP in adolescents. This could be of particular interest in younger subjects because it has been assumed that an excessive BP response during exercise precedes the onset of hypertension[@b13]--[@b15] and permits an early diagnosis.[@b16]--[@b18]

For this purpose, we studied resting and exercise BP in a large sample of adolescents (aged 12 to 17 years) in the Kiel EX.PRESS. (EXercise PRESSure) Study. Elevated BP in children and adolescents is caused by a complex interaction of various biological and behavioral but also familial risk factors, with a high probability of resulting in an increasing number of future young hypertensive individuals.[@b19],[@b20] Because no data are available linking passive tobacco exposure to exercise BP in young persons, the influence of parental smoking was determined in the current substudy. There are many associations between smoking and BP regulation in adults.[@b21],[@b22] Even parental smoking seems to influence children's resting BP.[@b23]

In the present investigation, particular emphasis was placed on the effect of parental smoking on systolic BP during exercise and at rest. In a few studies, an association between exercise BP and individual cardiovascular risk factors was demonstrated in health participants for adiposity,[@b18],[@b24] insulin resistance,[@b18] and left ventricular hypertrophy[@b25] but not for familial risk factors except family history of hypertension.[@b13] Consequently, in our study, exercise and resting systolic BP were investigated in relation to parental smoking and several known familial risk factors.

In addition, information on the relevance of exercise BP compared with resting BP with respect to cardiovascular risk in adolescents might be obtained by differentiating the associations of known familial risk factors with both parameters.

Methods
=======

Subjects
--------

The present cross-sectional data are based on a substudy of our teenage sample from the Kiel EX.PRESS. Study, for which participants were recruited from 6 public schools in Kiel, northern Germany. The schools participated in our study after a written request to the school administration. We initially invited 645 young subjects, and a total of 532 healthy adolescents aged 12 to 17 years were enrolled (271 boys and 261 girls; 82.5% of the invited participants due to lack of willingness) from March 2011 to October 2012. BP measurements at rest and during exercise, additional anthropometric assessments, and a submaximal aerobic fitness test were added to a detailed interview of the parents about family history of diseases and social status. The study fulfilled the criteria of the Declaration of Helsinki and was approved by the local scientific ethics committee of the Medical Faculty at Kiel University. Children with hypertension or other cardiovascular diseases were excluded from the study. Parents and children were informed about the study through oral and written information and gave their signed consent.

BP and Clinical Measurements
----------------------------

Body weight of the subjects (without shoes) to the nearest of 0.1 kg and height to the nearest of 0.1 cm were determined by standard anthropometric methods with the use of electronic scales and a fixed stadiometer in an upright position. After weighing, 500 g were subtracted for the light garments that were left on. The body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters (kg/m^2^). BMI percentiles were derived from German reference values defined as BMI ≥90th percentile for overweight and ≥97th percentile for obesity.[@b26] BMI percentiles were chosen over waist circumference for 2 reasons. First, BMI percentiles are more accurate because age and sex are considered. Second, even though waist circumference is also an important prognostic parameter, more studies have been conducted using BMI in adolescents.

At each examination, measurements of height, weight, and BP were obtained by trained examiners according to a standardized protocol. All BP measurements were performed by the same trained investigator using a standard stethoscope and sphygmomanometer. Resting BP was measured in a seated position by auscultation using the Riva-Rocci-Korotkoff method after 5 minutes of rest. Systolic and diastolic BP were determined by the onset and disappearance of the Korotkoff sounds (K1 and K5), respectively. Appropriate cuff sizes were selected according to the child's upper right arm circumference by referring to standardized procedural guidelines.[@b27] Three BP readings at rest were taken at 2-minute intervals. The lowest value of those measurements was used in the analysis. Elevated resting systolic BP was defined as ≥95th percentile, dependent on age, height, and sex, corresponding to German reference data.[@b28] Systolic BP values between the 90th and 95th percentiles indicated a high normal BP.

Exercise BP was studied during a graded cycle ergometer submaximal exercise test measured at 1.5 W/kg body weight, which corresponds approximately to the recommendation for adults.[@b8] In addition, it has also been reported that the effect of psychological factors on BP is negligible at a workload above 1.0 W/kg body weight.[@b10] Aerobic fitness was determined as the physical working capacity at a heart rate of 170 beats per minute (PWC 170 test), which has been shown to be a reliable and largely valid parameter of submaximal physical fitness.[@b29] Heart rate was recorded continously during the test using a heart rate monitor (Polar X30; Polar Electro). After an initial workload of 1.0 W/kg body weight, the workload was gradually increased every 3 minutes by 0.5 W/kg body weight until a heart rate ≥170 beats per minute (PWC 170 test) was expressed as watts relative to body weight in kilograms. Because physical performance is not proportional to body weight, the weight-related test protocol was modified in overweight and obese adolescents, using their age- and sex-specific healthy weight in accordance with the 50th percentile[@b26] to determine the initial and incremental workload. BP was taken at the end of each 3-minute workload while subjects were still exercising.

Because exercise diastolic BP cannot be measured reliably,[@b9],[@b30] only systolic resting and exercise BP were taken for statistical comparison in this study.

Familial Risk Factors
---------------------

Parents filled out a questionnaire to provide information about the mother's and father's ages, weight, height, educational levels, current smoking habits, physical activity, and family history of cardiovascular diseases (eg, arterial hypertension, overweight or obesity). BMI was classified based on the World Health Organization definitions of *underweight or lean* (BMI 18.5 kg/m^2^), *normal weight* (BMI ≥18.5 and \>25 kg/m^2^), *overweight* (BMI 25 to 30 kg/m^2^), and *obese* (BMI \>30 kg/m^2^). Because passive smoking at a younger age is usually due to living with parents who smoke,[@b31] self-reported smoking status was used as an indirect indicator of passive exposure to tobacco smoke of the study participants, a method previously used by Simonetti et al.[@b23] With regard to family history, the interviewed parent was asked to state whether such diseases were once diagnosed by a physician. Mothers, fathers, and grandparents were classified as hypertensive if hypertension had been diagnosed, if drug therapy had already been initiated, or both. The parents' educational levels were used as an indicator of social status in this study. The educational level of the family was classified as high if at least 1 parent had completed a college degree. Finally, parents were asked about amount and type of physical activity.

Statistical Analysis
--------------------

For descriptive purposes, data are expressed as the mean±one standard deviation (SD) unless stated otherwise. BP values are given as mean resting and exercise systolic BP for the group. Data were analyzed by bivariate partial correlation analysis using the Pearson coefficient to evaluate simple associations between individual parameters. Dichotomous variables were compared with the chi-square test. Independent Student's *t* tests assessed sex differences for all measured continuous variables. To consider characteristic BP changes during maturation, ANCOVA was performed for group comparisons of examined risk factors with systolic BP as outcome and age, height, and sex as covariates. The same analysis was repeated with additional correction for BMI percentile and aerobic fitness (W/kg body weight) as potential confounders or mediators of associations. Available-case analysis was used for handling missing data to limit the reduction in sample size. All statistical calculations were performed with SPSS software version 20.0 (IBM Corp), with *P\<*0.05 considered significant.

Results
=======

Subject Characteristics
-----------------------

A total of 532 adolescents underwent anthropometric and BP measurements. Participant characteristics are shown in Table[1](#tbl1){ref-type="table"}. Distribution by sex was 50.9% male and 49.1% female. The mean age was 14.6±1.5 years (range 12 to 17 years). The mean BMI was 21.0±3.4 kg/m^2^ (range 13.2 to 35.5 kg/m^2^). Overweight (BMI between the 90th and 97th percentiles) was found in 42 participants (7.9%; 24 boys and 18 girls), and obesity (≥97th percentile) was observed in 29 (5.5%) of the examined adolescents (14 boys and 15 girls). As expected, male participants were taller and heavier, but BMI was similar for male and female participants. In addition, female participants had a lower mean resting systolic BP but higher diastolic BP. The full sample had an average resting BP of 113.1±12.8/57.2±7.1 mm Hg (range 82.0 to 158.0/36.0 to 86.0 mm Hg). The prevalence of a resting systolic BP \>95th percentile was 7.9% (n=42).

###### 

Basic Characteristics of 532 Adolescents

                                                                  Male (n=271)   Female (n=261)   *P* Value
  --------------------------------------------------------------- -------------- ---------------- -----------
  Age, y                                                          14.6±1.5       14.6±1.5         0.827
  Height, cm                                                      172.9±9.8      165.1±6.8        \<0.001
  Weight, kg                                                      60.5±12.6      58.0±10.6        \<0.001
  BMI, kg/m²                                                      21.0±3.4       21.2±3.4         0.295
  BMI percentile                                                  58.4±27.4      59.5±27.1        0.375
  Resting systolic BP, mm Hg                                      115.5±13.2     110.6±11.9       \<0.001
  Resting diastolic BP, mm Hg                                     56.4±8.1       58.1±7.1         \<0.001
  Exercise systolic BP[\*, mm Hg](#tf1-2){ref-type="table-fn"}    153.6±20.6     146.1±18.2       \<0.001
  Exercise diastolic BP[\*, mm Hg](#tf1-2){ref-type="table-fn"}   54.1±8.5       54.3±8.7         0.784

Values are mean±SD. BMI indicates body mass index; BP, blood pressure.

n=492 (boys n=252, girls n=240).

Of the 271 boys and 261 girls who participated in the Kiel EX.PRESS. Study, 252 boys and 240 girls had valid measured BP values during exercise; 7.5% did not perform the ergometer test, mostly because of illness or reduced performance resulting from injuries. The mean exercise BP was 149.9±19.8/54.2±8.6 mm Hg (range 108.0 to 240.0/30.0 to 74.0 mm Hg).

Parent Characteristics
----------------------

Data describing the parental characteristics are presented in Table[2](#tbl2){ref-type="table"}. Fathers were more likely to be overweight than mothers in this study. Of the 374 families, at least 1 parent was overweight in 60.2% of families and both parents were overweight in 18.2%. Moreover, 22% of the mothers and 24% of the fathers were smokers. In 35% of the families investigated, at least 1 parent smoked, and in 9%, both mothers and fathers were currently smoking. A higher educational level was found in two-thirds (66.8%) of the families. A large fraction of the interviewed mothers (66.1%) and fathers (60.5%) engaged in sports during their leisure time; only a small number of the families were totally inactive (25.0%). The prevalence of parental hypertension was 29.0%; however, more than half of the participants (61.8%) had a positive family history (parents and grandparents) of arterial hypertension, and 3.5% of the examined adolescents had both hypertensive mothers and fathers. There was no difference in the prevalence of being overweight between smoking and nonsmoking parents (35.2% versus 34.6%, *P*=0.908). A higher proportion of smokers was found among parents with a low educational level (54.8% versus 24.8%, *P\<*0.001). This subgroup of smokers was less likely to be normal weight than overweight (20.8% versus 40.7%, *P\<*0.001). Moreover, smokers were more likely to be inactive (52.1% versus 29.0%, *P\<*0.001), but an association with the presence of hypertension did not occur in this subgroup (35.5% versus 35.5%, *P*=0.988).

###### 

Basic Characteristics of Parents

                              Mother (n=389)   Father (n=359)   *P* Value
  --------------------------- ---------------- ---------------- -----------
  Age, y                      45.4±4.6         48.2±6.0         \<0.001
  Height, cm                  168.1±6.4        181.7±7.0        \<0.001
  Weight, kg                  67.1±11.8        86.2±11.0        \<0.001
  BMI, kg/m²                  23.7±3.8         26.1±3.2         \<0.001
  Overweight (≥25 kg/m²), %   26.9             58.4             0.001
  Arterial hypertension, %    14.5             25.2             0.001
  Smoker, %                   21.9             24.0             0.493
  Educational level, %                                          
   Low                        51.3             41.8             \<0.001
   High                       48.7             58.2             
  Physical activity, %                                          
   Inactive (both)            33.9             39.5             \<0.001
   Active                     66.1             60.5             

Values are mean±SD or percentage. BMI indicates body mass index.

Resting and Exercise Systolic BP
--------------------------------

Moderate correlations were observed between resting and exercise systolic BP (*r*=0.564, *P\<*0.001) after adjusting for age, sex, and height. Participants with resting systolic BP values classified as high-normal or hypertensive (12.4%) showed 13.8mm Hg higher exercise systolic BP during cycle ergometer testing, even after adjustment for age, sex, height, BMI percentile, and physical fitness. The partial correlation coefficient for both resting and exercise systolic BP indicated a positive significant association with BMI percentile (*r*=0.289 versus *r*=0.312, *P*\<0.001).

Associations Between Systolic BP and Familial Risk Factors
----------------------------------------------------------

All parental risk factors were associated with higher levels of adolescents systolic BP at rest and during exercise. Compared with exercise systolic BP, there was a weaker influence on resting BP. After full adjustment for age, sex, height, BMI percentile, and fitness, children with a positive family history of hypertension showed higher systolic BP values at rest (+4.4 mm Hg, *P\<*0.001) and during submaximal exercise (+4.7 mm Hg, *P=*0.007) compared with nonpredisposed adolescents. Parental obesity indirectly affected only children's exercise systolic BP (+5.2 mm Hg, *P=*0.005) because no effects were observed after controlling for their own BMI percentile und fitness. With respect to resting systolic BP, even this association could not be verified. Furthermore, a low educational level was associated with higher systolic BP values only during exercise (+5.2 mm Hg, *P=*0.006), even after adjusting for all covariates. In addition, children from families with at least 1 active parent exhibited lower exercise systolic BP values (+4.9 mm Hg, *P=*0.013) than children with inactive parents, whereas resting systolic BP level did not differ between these groups.

Parental Smoking
----------------

There was no influence of parental smoking on resting systolic BP. In contrast, exercise systolic BP was significantly higher (+6.3 mm Hg, *P=*0.001) in subjects exposed to parental smoking than in unexposed children. Even after further adjustment for BMI percentile and fitness, the influence of parental smoking remained largely unchanged (+4.0 mm Hg, *P=*0.03). The effect on exercise systolic BP increased in children for which both mother and father were smokers in comparison to children of nonsmoking parents (+6.2 mm Hg, *P=*0.044). No significant difference was found when systolic BP values were additionally adjusted according to the parents' educational levels.

Mean systolic BP differences at rest and during exercise are summarized in Table[3](#tbl3){ref-type="table"}.

###### 

The Effect of Familial Risk Factors on Resting and Exercise Systolic Blood Pressure (n=374)

                                                                 Difference, mm Hg                                               
  ------------------------------------------------------- ------ ------------------- ------------- --------- ------ ------------ -------
  Parental overweight                                     60.2   +1.0                0.7 to 1.4    0.397     +3.4   2.8 to 3.8   0.061
  Parental smoking                                        35.0   −0.1                −0.7 to 0.5   0.945     +4.0   3.1 to 4.9   0.030
  Parental hypertension                                   29.0   +4.1                3.6 to 4.7    0.001     +3.9   3.1 to 4.8   0.029
  Familial hypertension[†](#tf3-3){ref-type="table-fn"}   61.8   +4.4                4.0 to 4.6    \<0.001   +4.7   4.2 to 5.3   0.007
  Inactive parents (both)                                 25.0   +1.0                0.1 to 1.9    0.467     +4.9   3.5 to 6.4   0.013
  Low educational level                                   33.2   +1.3                0.6 to 1.9    0.315     +5.2   4.3 to 6.2   0.006

ANOVA analyses were adjusted for age, sex, height, BMI percentile, and physical fitness of adolescents. BMI indicates body mass index; BP, blood pressure; MD, mean difference.

At least 1 parent.

Mother, father, and grandparents.

Cumulative Effect of Risk Factors
---------------------------------

To investigate the cumulative effect of risk factors on resting versus exercise systolic BP, subgroups with different individual familial risk profiles were compared using the nonrisk group as a reference. The figure illustrates the progressive increase in systolic BP at rest and during exercise depending on the number of familial risk factors present (parental overweight, parental smoking, low educational level, positive family history of hypertension) after adjustment for age, sex, and height, respectively. Both mean resting and exercise systolic BP values were lower in the group without any risk factors, but exercise systolic BP was more strongly influenced by the number of accompanying risk factors.

![Progressive increase of resting and exercise systolic blood pressure (BP) with cumulative number of familial risk factors (parental overweight, parental smoking, low educational level, positive family history of hypertension) in adolescents. Mean ± SD. Adjusted for age, sex, and height. \**P\<*0.05, \*\**P\<*0.01, \*\*\**P\<*0.001 compared with participants without any risk factor.](jah30004-e001936-f1){#fig01}

With children without any familial risk factor as a reference, a synergistic effect of the different risk factors on both resting (*P*\<0.001) and exercise (*P*\<0.001) systolic BP was detected. A significantly higher resting systolic BP was found only in the high-risk group with 4 risk factors compared with the reference group (+10.3 mm Hg, *P=*0.001). During exercise, mean systolic BP increased progressively in proportion to the number of risk factors present; however, associations were already significant with fewer risk factors present compared with resting systolic BP. Mean systolic BP differences during exercise were up to 22.8 mm Hg (*P\<*0.001) among children with all of the respective familial risk factors, up to 13.0 mm Hg (*P=*0.01) with 3 risk factors, and at 8.5 mm Hg (*P=*0.03) with 2 cumulative risk factors. If only 1 familial risk factor was identified, exercise-induced systolic BP values no longer differed from participants without a family risk factor.

Discussion
==========

The primary goal of the present cross-sectional study was to investigate the association between systolic BP response during acute exercise and parental smoking in addition to other familial risk factors in a large sample of adolescents.

To the best of our knowledge, no previous study has addressed whether passive tobacco exposure is related to exaggerated exercise BP values in adolescents. The role of active and passive tobacco exposure in various functions of the cardiovascular system is well documented in adults,[@b21],[@b22] including adverse consequences on BP and heart rate as well as exercise tolerance, coronary vasoconstriction, endothelial dysfunction, and increased risk of thrombosis.[@b32],[@b33] Fewer data are available concerning the health consequences of active and passive smoking on the cardiovascular system and arterial BP in children and adolescents. Previously, passive tobacco smoke has been related to altered endothelial function, increased thickness of intima media, and higher resting BP in healthy preschool children.[@b23],[@b34],[@b35] A novelty of our data was the association between parental smoking and exercise systolic BP, whereas resting BP was not affected by passive exposure to tobacco smoke. This relation was independent of BMI percentile and physical fitness of the participants but disappeared after correction for family educational level. Social disparities are believed to be associated with increased cardiovascular risk including unhealthy lifestyle patterns of both parents and children.[@b36] This might have resulted in the higher exercise systolic BP of our participants and would be consistent with other studies.[@b23] Further research is needed to differentiate the impact of parental smoking and educational level on BP because both factors seem to increase children's exercise systolic BP.

The results indicate that exaggerated systolic BP values during submaximal exercise were associated with classic familial risk factors even at an early age.[@b13],[@b15],[@b24] In the literature, a positive family history of hypertension has been found to be among the strongest predictors of adulthood hypertension.[@b37] Our data provide further evidence that a relationship also exists between familial BP and BP in adolescents, especially during exercise.[@b13]

In the current analysis, some familial risk factors were associated with only exercise systolic BP and not resting BP, whereas other risk factors showed a tendency for stronger correlation with exercise systolic BP versus resting BP.

We found exercise systolic BP but not resting BP to be related to low parental educational level, even after adjusting for fitness and BMI percentile, although effects of socioeconomic conditions on BP were shown to be partly mediated via children's BMI in previous research.[@b38],[@b39] As expected, we observed adolescents' BMI percentile to be positively correlated to parental overweight,[@b40] which contributes to exaggerated exercise systolic BP values via a mediating effect.[@b24] Surprisingly, parental overweight failed to affect resting systolic BP; however, it can be assumed that parents and children share similar lifestyle-associated risk factors[@b41],[@b42] as a consequence of the parental role model. Beneficial effects of an active parental lifestyle on children's BMI and activity are well known.[@b38],[@b43] In our study, parental physical activity further influenced adolescents' systolic BP during exercise, independent of BMI percentile and fitness. Consequently, the impact of similar environmental conditions and behavioral patterns should be considered when assessing the cardiovascular risk of children and adolescents. Our data do not allow for complete differentiation between genetic and lifestyle-related causes for familial risk factors. Although familial hypertension has an important genetic component, other familial risk factors such as obesity, physical inactivity, low social status, and smoking are modifiable lifestyle risk factors investigated in our study.

To date, cumulative effects of familial risk factors have been detected only on resting systolic BP of preschool children.[@b23] This study, however, found that familial risk factors appear to act synergistically on systolic BP not only at rest but also during exercise. In addition, the cumulative influence of these multiple risk factors was more pronounced on exercise systolic BP compared with the effect on resting BP. Differences in systolic BP during exercise became significant even with 2 or more familial risk factors, whereas a significantly higher resting systolic BP was demonstrated only if 4 risk factors were present.

A strength of our study is the standardized weight-related exercise protocol being adapted in overweight and obese participants by determining the relative capacity based on their age- and sex-specific healthy weight. We examined the exercise systolic BP response by using information at a single exercise intensity (1.5 W/kg body weight). This is opposed to the method used in the European Youth Heart Study,[@b18] which measured BP values over a full range of workloads. Other studies took peak exercise as a reference.[@b17] The full physical capacity with BP measurements at a certain percentage of the maximum power of a person would certainly be of interest. Nevertheless, the feasibility of tests with increasing intensity until exhaustion might be difficult to use in clinical practice. Despite this, our research aimed to identify exaggerated systolic BP response to activity intensity levels equal to everyday stresses, such as climbing stairs.[@b8] Moreover, findings in adults indicate a higher prognostic significance of exercise systolic BP even at a fixed (independent of body weight) definition of workload (eg, 100 W) compared with resting BP values.[@b2],[@b3] Consequently, the procedure used in the present study is even more adapted to the individual than the common clinical practice in adults. In addition, the fact that Mocellin et al[@b10] showed that BP values above a workload of 1.0 W/kg body weight were no longer affected by psychological components justified our approach to determine exercise BP using submaximal workload. Finally, the present investigation is in accordance with data of the European Youth Heart Study showing that the relationship between risk factors and systolic BP response during exercise was stable across all workloads.[@b18]

Although our study is unique in that a relationship between parental smoking and exercise systolic BP was found, the results admittedly allowed no accurate estimation of the actual exposure to passive smoke because only the parents were asked. Moreover, we did not correct for active tobacco smoking, but the prevalence of active smokers in our young study group was very low (7%), which is similar (12%) to the general population in Germany (KiGGS Study).[@b44] Furthermore, the proportion of tobacco-consuming parents was almost the same for smoking and nonsmoking adolescents (33% versus 35%).

Generally, the use of self-reported parent data is a limitation of our study. Nevertheless, we identified significant associations despite possible response biases. Confounding effects of variables, such as sexual maturation, cannot be excluded and should be considered with regard to anthropometric data having a major impact on BP. In fact, other factors such as nutrition or birth weight might also be of interest but were not related to the primary goal of our study. The present study has a 2-fold clinical implication. First, the smoking status of the parents should be part of the risk factor assessment of adolescents. Second, exercise BP might be of clinical value in subjects with high familial risk.

In summary, avoiding or removing modifiable risk factors by promoting lifestyle changes as early as possible is a crucial contribution to minimize future cardiovascular disease risk with respect to all family members because increasing evidence shows that risk factors persist and tend to intensify throughout life.[@b45]

Perspectives
------------

The findings of this investigation support the importance of exercise BP for youth and reveal a significant relationship between systolic BP during exercise and classic familial risk factors at an early stage of life. This study is the first to demonstrate an effect of parental smoking on the exercise systolic BP of their children. The determination of BP during exercise in clinical practice might be relevant not only to adults but also to adolescents. Although prognostic data are not available at this time, the correlating factors in our study can be helpful as surrogate parameters to assess the importance of exercise systolic BP. Following the results of the Young Finns Study, the age group examined in our research (participants aged 12 to 17 years) seems to be more significant for assessing health perspective than early childhood.[@b46] We suggest that reports of adolescents' cardiovascular risk profiles should emphasize BP level during exercise. Taking parental smoking habits into consideration might facilitate this evaluation of health risk.
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